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Abstract The purpose of this study
was to determine the effect of pa-
tient positioning on sonographic re-
nal measurements and to test if the
patient position alters the three-di-
mensional shape of the kidneys. The
maximum longitudinal renal length
and transverse renal width and depth
were measured in the supine and
prone position in 100 children (200
kidneys). Age ranged from 6 months
to 16 years (mean age 5 years). The
results were compared for statisti-
cally significant differences. The
maximum measured longitudinal 
renal length was statistically signifi-
cantly larger in the supine than in
the prone position (supine position,
left: 8.0 cm; right: 7.7 cm; prone 
position, left: 7.9 cm, right: 7.6 cm;
P<0.001). There was no statistically
significant change in the transverse
diameters (width and depth,
P>0.001) and renal volume
(P>0.001) in the supine vs. prone
positions. Our results show that po-
sition-induced reshaping of the kid-
neys is unlikely to be responsible for
the discrepancy in maximum longi-
tudinal renal measurements compar-
ing supine with prone positions. 
Position-dependent changes in the
degree of filling of the renal calyces
and pelvis as well as errors in
caliper distance measurements for
the different scan depths (supine vs.
prone) are more likely to be respon-
sible for the encountered differ-
ences. Consequently, we recommend
to add prone renal length measure-
ments in addition to the supine mea-
surements. In follow-up examina-
tions, renal length measurements
should only be compared that have
been collected in the same patient
position.
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Introduction
Measurement of renal dimensions (e.g., maximal renal
length and calculated renal volume) plays an important
role in the evaluation, identification and follow-up of 
renal pathology in children. Normative standards have
been established that are correlated to the patient’s age as
well as to different somatic developmental parameters,
including body length, body weight and body surface
area [1–3]. Deviations of renal dimensions from these
normative values may indicate renal disease. Ultrasonog-
raphy is the modality of choice for measuring renal di-
mensions because it has proven to be accurate, can be
performed bed-side, is readily available and can be ap-
plied repeatedly in children because no ionizing radia-
tion is used [2–4]. Schlesinger showed, however, that
variations in renal length can be measured that are equal
to the normal increase in renal length that occur in 1–2
years, suggesting that ultrasonography is limited for
evaluating renal growth [5]. In addition, several studies
have shown that the measured maximal longitudinal re-
nal length varies with the used imaging plane as well as
with the patient position [3, 6–8]. De Sanctis and Naka-
mura showed that coronal views in the contralateral
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oblique position and sagittal views in the supine position
yield longer renal lengths than sagittal views in the prone
position [3, 7, 8]. Nakamura et al. suggested that these
variations may be explained by subtle changes in the 
renal shape associated with the patient position [8].
The goal of our study is to test this hypothesis by
measuring the maximal width and depth of the kidneys
on a transverse section next to the maximal longitudinal
length in the supine and prone positions. In addition, the
influence of differences in scan depth (supine vs. prone
position) on the accuracy of ultrasonographic length
measurements is discussed.
Patients and methods
Between July and December 2002, 105 consecutive children who
were referred for abdominal ultrasonography were prospectively
studied. Children with a history of renal disease or suspected renal
pathology on ultrasonography were excluded from the study. No
routine urine sampling was performed in the children that were in-
cluded in the study. The final study group included 100 children
(200 kidneys) ranging in age from 6 months to 16 years. The mean
age was 5 years and median age 4 years 8 months. Three children
had to be excluded because of suspected renal pathology on ultra-
sonography; in two children no valid renal measurements could be
obtained because of severe scoliosis and overlying bowel gas. All
examinations were performed by the same experienced ultrasono-
grapher (SM). The maximum longitudinal bipolar length of the
kidneys was measured in the supine position by flank measure-
ments with the transducer positioned in the ipsilateral mid-axillary
line (coronal plane) and in the prone position with a posterior
transducer approach (sagittal plane). The maximum longitudinal
length of the kidney was visually estimated to represent the largest
longitudinal section at the level of the renal hilum (100 children,
200 kidneys). The maximum width and depth (thickness) were
measured in a transverse plane perpendicular to the longitudinal
axis of the kidney at the level of the renal hilum in the supine and
prone position (55 children, 110 kidneys). Width and depth were
measured in orthogonal planes. These standardized planes in renal
biometry are similar to those previously published [1]. Measure-
ments were made on a freeze-frame image during the real-time 
examination by manually positioning electronic calipers in the 
image. Measurements were repeated or excluded if for any reason
the kidney boundaries were uncertain (i.e., renal contour partially
obscured by bowel gas, interposed scars, dressings or tubes) or in
cases where the entire length of the kidney could not be included
in the field of view, as in children with large or superficially locat-
ed kidneys. Imaging was performed with either a Sequoia 512
(Acuson, Mountain View, CA) or a HDI 5000 (ATL Ultrasound,
Bothell, WA) scanner. The transducer chosen was the one that al-
lowed best visualization of the kidneys in the designated imaging
planes and patient position and size. In all cases, the used trans-
ducer frequency ranged between 5 and 8.5 MHz. In all cases, a
curved array transducer was used. The time period between supine
and prone measurements was kept as short as possible to minimize
dynamic physiologic phenomena that can influence renal size
(e.g., increasing bladder filling or differences in hydration).
Previous studies showed that no sex differences have been
seen in renal biometry, consequently all data were rearranged
without being separated according to sex [1, 2]. Data for right and
left kidneys were analyzed separately because the left kidneys are
generally slightly larger in median length than the right kidneys
[1]. The mean and standard deviation of the individual renal mea-
surements generated from the different imaging planes were calcu-
lated. In addition, the mean of the absolute value of the differences
between the individual renal measurements from the different im-
aging planes were calculated.
Finally, the renal volume was calculated using the ellipsoid
formula: volume = length × width × thickness × π/6 [4, 9]. Mea-
surements and calculated volumes are presented as mean ± stan-
dard deviation. For statistical analyses, they were logarithmized
for homogenization and approximation of normal distribution. 
A paired t-test was used to compare the right with left kidney as
well as supine with prone measurements. Linear regression was
used for correlation of the transformed measurements. The Mann-
Whitney U-test was used to exclude a possible influence of the
used equipment and age distribution. Because all measurements
were performed as part of the routine ultrasound protocol, no 
separate informed consent was taken for the presented study.
Results
The renal length, width and depth measurements for the
supine and prone position are summarized in Table 1. As
expected, the mean maximum bipolar longitudinal length
was statistically significantly larger for the left kidney
compared to the right kidney in both positions (supine
position, left kidney: 8.0 cm; right kidney: 7.7 cm and
prone position, left kidney: 7.9 cm, right kidney: 7.6 cm;
paired t-test for transformed data, n=100; supine
P<0.001, prone P<0.001). The calculated volumes of the
left kidney were larger than those of the right kidney in
both positions; the differences, however, were not statis-
tically significant. Linear regression analysis showed a
strong correlation between the supine and prone longitu-
Table 1 Renal dimensions as
measured by ultrasonography.
The left kidney is larger than
the right kidney in the supine
and prone position. Measure-
ments marked with an asterisk
are calculated for 100 children;
all other measurements are 
calculated for 55 children.
Length, width and depth 
dimensions are in cm, volume
in cm3. (SD, standard deviation)
Supine, mean ± SD Prone, mean ± SD 
(range: minimun–maximum) (range: minimun–maximum)
Left length* 8.0±1.8 (4.4–11.7) 7.9±1.8 (4.4–11.6)
Left length 7.9±1.8 (4.9–11.7) 7.7±1.7 (5.2–11.6)
Left width 3.7±0.9 (2.2–5.9) 3.7±0.8 (2.1–5.3)
Left depth 3.4±0.7 (2.2–4.9) 3.3±0.6 (2.2–4.8)
Left volume 57.0±35.5 (14.5–166.0) 54.3±32.3 (15.0–146.8)
Right length* 7.7±1.7 (4.6–11.4) 7.6±1.8 (4.3–11.7)
Right length 7.6±1.6 (4.6–11.3) 7.4±1.6 (4.4–10.8)
Right width 3.8±0.9 (2.2–5.9) 3.8±0.9 (2.5–5.9)
Right depth 3.3±0.6 (2.0–4.8) 3.2±0.7 (2.1–5.1)
Right volume 54.1±31.2 (15.5–144.5) 52.4±32.0 (14.1–153.4)
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dinal measurements for both kidneys (left kidney:
r2=0.943, P<0.001; right kidney: r2=0.951, P<0.001,
n=100). There was also a strong correlation between the
supine and prone renal volumes (left kidney: r2=0.879,
P<0.001; right kidney: r2=0.902, P<0.001; n=55)
(Figs. 1, 2).
The differences between the individual renal mea-
surements for the supine and prone position are shown 
in Table 2. The measured maximum bipolar longitudinal
renal length was statistically significantly larger in the
supine position compared to the prone position (n=100).
The left kidney was 0.11 cm larger in the supine posi-
tion compared with the prone position (P=0.03). The
right kidney was 0.08 cm larger in the supine position
than in the prone position (P=0.02). There was neither a
statistically significant difference (n=55) comparing su-
pine with prone depth and width measurements nor for
the calculated supine and prone renal volumes. There
was no difference in renal length measurements (Mann-
Whitney test: right kidney P=0.7, left kidney P=0.6) or
age distribution (P=0.5) for the two ultrasonography
units.
Fig. 1 Linear regression be-
tween the logarithmized supine
and prone longitudinal mea-
surements for both kidneys
(left kidney: r2=0.943,
P<0.001; right kidney:
r2=0.951, P<0.001, n=100).
Open squares refer to the left
kidney, closed dots to the right
kidney
Fig. 2 Linear regression be-
tween the logarithmized supine
and prone renal volumes (left
kidney: r2=0.879, P<0.001;
right kidney: r2=0.902,
P<0.001; n=55). The variation
of the volume data around 
the regression line reflects the
limited reliability of volume
calculations based on the ellip-
soid formula. Open squares
refer to the left kidney, closed
dots to the right kidney
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Discussion
Ultrasonographic measurements of kidney length and
comparison with standardized growth charts on normal
kidney development are widely accepted as a reliable,
non-invasive tool in the evaluation and follow-up of 
renal disease. Ultrasonography is especially well suited
for the evaluation of renal pathology in children because
it lacks ionizing radiation and can consequently be used
as often as necessary to assess renal growth over time. In
addition, ultrasonography is widely available, can be
performed bed-side, is non-expensive and is well accept-
ed by parents and children. Making renal length mea-
surements may appear easy. Unfortunately, the accuracy
and reproducibility of ultrasonographic length measure-
ments are influenced by many factors, including patient-,
examiner- and equipment-related variables. Sargent and
Wilson [10] and Schlesinger et al. [5] found observer
variations that were equal to the normal increase in renal
length that occurs in 1–2 years. These variations are es-
pecially troublesome in repetitive examinations in which
the dynamics of renal disease are evaluated by assess-
ment of renal size and growth over time. The poor accu-
racy and repeatability of renal measurements may be due
to inadequate depiction of the renal borders, e.g., by
overlying bowel gas, ribs, interposed scars or patient
motion. Furthermore, several reports have shown that,
depending on the patient position, the measured maxi-
mal longitudinal length varies. Carrico, De Sanctis and
Nakamura showed that supine, coronal views yield lon-
ger renal measurements than prone, sagittal views [3,
6–8]. Carrico and De Sanctis did not propose an expla-
nation for the reported position-related differences. 
Nakamura suggested that subtle changes in kidney shape
associated with position might explain these variations in
part. If this hypothesis is correct, it would be expected
that a larger maximal longitudinal length in the supine
position would be accompanied by a smaller transverse
depth and/or width of the kidney. Our study results con-
firmed the previous study results by showing a statisti-
cally significant larger maximal longitudinal renal length
in the supine, coronal imaging plane compared to the
prone, sagittal imaging plane. The transverse diameters,
however, paralleled the longitudinal measurements; the
renal width and depth were larger in the supine than in
the prone position. However, these changes were not sta-
tistically significant. The calculated renal volumes were
also larger in the supine than in the prone position. These
findings do not support the thesis that the change in posi-
tion may reshape the three-dimensional (3D) renal archi-
tecture.
An alternate explanation for the discrepancy in the
measured maximal longitudinal renal lengths may be 
position-dependant variations in the filling degree of the
renal collecting system. It is well known from excretory
urography that in the supine position, contrast pools in
the calyces and may outline the renal pelvis, while in the
prone position, contrast flows from the calyces into the
more anteriorly situated renal pelvis and ureter. Conse-
quently, the renal pelvis will be less filled and/or dis-
tended [11, 12]. This shift of urine from the calyces into
the ureter may at least partially explain the difference in
all three renal dimensions.
Errors in the accuracy of ultrasonographic caliper
measurements of distance may also in part explain the
discrepancy in the measured renal lengths. In 2D ultra-
sonography, limits on precision of caliper placement lead
to errors in estimating distance equal to about 0.25% of
the full-scale display scan length or field of view. Be-
cause the image depth of the kidney is different for the
supine position compared to the prone position, a differ-
ent degree of error in the caliper measurements of dis-
tance will occur [13]. Riccabona documented a maximal
error of 2% for distance measurements in 2D ultrasonog-
raphy [9]. Finally, rotational and positional changes in the
kidney because of changes in the patient position and/or
changes in the degree of inspiration/expiration may also
influence the accuracy of distance measurements.
In our study, we believe that the short time interval
between the supine and prone measurements prevented
Table 2 Mean differences of the logarithm in renal dimensions
comparing supine and prone position for both kidneys. Statistically
significantly larger kidneys are measured in the supine position
compared to the prone position. There are no statistically signifi-
cant differences of renal width, depth and volumes. Measurements
marked with an asterisk are calculated for 100 children; all other
measurements are calculated for 55 children. Length, width and
depth differences are in cm, volume differences in cm3 (SD, stan-
dard deviation). A P-value <0.05 was considered to be statistically
significant
Left kidney Right kidney
Mean diff. ± SD P-valuea Mean diff. ± SD P-valuea
Supine vs. prone length* 0.11±0.43 0.030 0.08±0.36 0.024
Length 0.13±0.36 0.029 0.12±0.38 0.031
Width −4.07±1.09 0.391 0.02±0.50 0.807
Depth 0.11±0.49 0.138 0.06±0.38 0.246
Volume 2.70±13.07 0.353 1.70±11.05 0.124
a Paired t-test supine vs. prone for log-transformed measurements.
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physiologic changes in renal size (e.g., increasing blad-
der fullness). None of the children emptied the bladder
between both imaging planes.
A limitation of our study is that the measurements
were not performed at a standardized degree of inspira-
tion or expiration. In addition, the 2D character of the 
ultrasonography measurements does not allow a reliable
volume calculation, because the ellipsoid formula sys-
tematically underestimates renal volume because the kid-
neys are not a true ellipsoid [4].
At our department, prone studies are routinely per-
formed for serial length measurements (in addition to 
supine measurements) because these views usually allow
a better identification of the upper and lower renal 
borders that may not be seen as well on supine views.
Previous studies concluded that renal pathology is
better expressed by renal volume than by outer kidney
parameter and support the need for the further develop-
ment of 3D ultrasound that allows a more accurate 
evaluation of the renal volume [1, 4]. A recent study
published by Riccabona showed that 3D ultrasound is
feasible in neonates, infants and children without the
need for sedation. Riccabona showed that 3D ultrasound
improves volume assessment and follow-up comparison
by offering an improved standardization and documen-
tation of the measurements. 3D ultrasound proved to be 
especially advantageous in the analysis of complex 
anatomical urogenital malformations or pathologies
[14].
Conclusion
We confirm the findings from previous studies that the
maximum measured longitudinal renal length is larger in
the supine, coronal imaging plane than in the prone, sag-
ittal imaging plane. We extend the previous studies by
concluding that no statistically significant positional
changes occur in the transverse, renal depth and width
measurements. This finding makes it very unlikely that
position-induced changes in renal shape are responsible
for these differences in renal length measurements. 
Errors in the accuracy of caliper measurements with dif-
ferent image depths for supine and prone measurements
may explain the observed differences in addition to a 
position-induced shift of urine from the renal calyces to
the ureters. In follow-up examinations, renal length mea-
surements should only be compared to those that have
been collected in the same patient position. In our expe-
rience, we recommend to add prone length measure-
ments in addition to the supine measurements, because
the renal upper and lower borders are usually better de-
picted in the prone position. In future, 3D ultrasonogra-
phy should give more reliable volume measurements.
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